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~<Imagine ifi:. "‘

= We understand the causes and impacts of climate variability

« We routinely make global observations and have a comprehensive
understanding of the global water cycle

— We know the location and state of all fresh water resources
on Earth

— We understand and know the state of the biological,
atmospheric and hydrological systems that make up Earth’s
environment

— We can accurately predict temperature and precipitation
variations over seasonal time scales for any place on the Earth

— We can put this knowledge in the hands of every practitioner
and policymaker

...we can mitigate the impact of weather
and climate on food production and
fresh water resources
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= We will create the ability to view the Earth as a complete
and integrated system by

Enabling “discovery” of new events and interactions
with new, real and virtual perspectives

Responding quickly and cost effectively to events in the
Earth system and as our understanding grows with an
intelligent sensorweb

Fully integrating observations, modeling, scientific
analysis, and the practical applications from knowledge
gained

Distributing information and knowledge to all users in a
timely manner



~RadicallyMmpiBye th&Benefits to
~.the Nation and Humankind

e Predict shortterm climate change and use that information to
enable strategic agricultural, mariculture and other resource
management

e Improve weather predictions and our knowledge of local
systems to enable precision farming and cost sensitive
operations

e Detect, interactively forecast and nowecast severe storms and use
that information to save hundreds of lives and billions of dollars




- Example™0f BStentialfBenefits
“~to U.S. Econemy (arinual)

Economic Area Gross Value | Potential | Enabling
Savings Capabilities

Agriculture, $100 B $10 B = Accurate seasonal rainfall and
fishing and temperature forecasts (e.qg.

forestry enable strategic crop selection,
planting, harvest time, etc.)

= Accurate midterm temperature
and rainfall forecasts to enable
precision farm and crop
management

Severe weather 1500 lives/ 75 lives/ e Precision storm track forecasts

related loss $16 B $0.8 B to allow highly targeted
evacuations

= Real-time storm tracking and
localized forecast update for
personal decision making and
response - Nowcasting,
Wristwatch weather

4 Airline fuel = Precision, global, frequently
. updated wind maps

= Direct product distribution to
aircraft
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What DOBs ifjis Meafifin the
NYENSQO-liké Event?

> 10° In-Situs
Sub-surface data needs z Salinity, Subsurface
Temperatures

High revisitation rates
Multiple parameter, Dozens to hundreds

densely spaced data points of satellites

for model input Many different sensors
(radar, passive, microwave,
topography, winds,
vegetation, static fields, etc)

Highly Detailed, Greater science
Highly Coupled understanding
Models i
Advanced computing
Advanced modeling

Configurable sensors
Rapidly changing Adaptable interactive
macrophenomena sensorweb

Autonomous operations




- What DOES Th_ ,'I\/Iearf‘iﬁ the
“Context ofi an

Very Large
Number of
Observations

Useful
Observations
Change With
Time

Return useful data only

Reconfigurable,
adaptable, learning system

NS@:like! Event?

Flexible, interactive,
end-to-end
Information system

Intelligent agents
Immersive environments
Human/machine
Integration




Managing End-to-End Information Elow

Observational Information Impact
Parameters Parameters Parameters

Autonomous, In-space Interaction Between Human Machine
Petabytes Calibration and Data Modeling/Forecasting Interactive
Reduction and Observation Dissemination
Multi-platform, multi- Systems
parameter, high spatial Terabytes
and temporal resolution,
remote & in-situ sensing

Knowledge

Gigabytes

: : Megabytes
Adaptable Sensors Intelligent Sensor Web Data Fusion

‘\HHH@HW‘

/




Science Enabling Understanding
and Application

Observational Information Impact
Parameters Parameters Parameters

Multi-platform, multi-  Aytonomous. In-space Interaction Between
parameter, high spatial ’ b Modeling/Forecasting

and temporal resolution, gzlt'grgggﬂczgﬂ and Observation
remote & in-situ sensing Systems

Adaptable Sensors Intelligent Sensor Web Data Mining & Fusion Nowcasting

Knowledge

Human Machine
Interactive
Dissemination

—
e pre—

Model
Validation

Long term Initial and
and Climate Boundary
Archive Condition

Update
Needs

Historical _ : . Predictive
Pecord Modeling ” Understanding - ‘ e dels

Science

Why & When

—




.~ ‘What DoéSiTHis#Vean #if¥the Context
~.of an Severe W ath_ef’ Event?

L1, L2, GEO, Molniya,
Sentinel systems for non-Keplerian systems
real-time detection High resolution

(better than 100 m)

Real-time, autonomous

Real-time, autonomous . :
sensor and forecasting adaptive meshing and

system adaptation sensing
Taskable, in-situ and

remote sensors

Real-time data collection
and combination from
many sources

Real-time data fusion

Wristwatch weather,
Real-time warning and personalized, geo-located
data dissemination forecasts

Real-time Internet
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.-New VantageMoints *
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& ™ Molniya Orbit

§

L1 Observatories

Work in Progress




Sentinel-
Sensorweb
Architecture

Event Weather Monitors

|1, L2, GEO, and Post

= Very Large Synthetic Aperture
Radiometers

= Large Aperture Imagers and
Sounders

e Event Monitors

LEO/MEO/HEO
Sensor Web
= Programmable Sensors

= Reconfigurable Satellites
and Constellations

e Calsats




' Vantage Poinik ..i"eiélefg-l’i‘
. The Need to)Mix:afid Match :

'l

Attribute In-Situ/ Molniya
UAV/
Sub-Orb

Synoptic View

Polar Viewing

Terminator Viewing

Active Sensors

Continuous Ground Point View
Equatorial Coverage

Limb Viewing

Occultation

Rapid Update/Full Earth : X
Continuous Coverage

Number of Platforms : ’ -10° - - 2-6
| Aper. Size for 5m Visible Image - 1600 m
Aper. Size for 1 km pwave - 12000 m




.Sensor System® . 9

Pl "
e

- Reconfiglfab]BRLand¥Stirface

e Advanced Information e Three-Head Sensor
Processing — 1 -5 m Spatial
— Biological-based — Visible to Thermal IR Full Hyperspectral
— 16-day, Exabyte — Formation Flying Constellation

Recorder — 16 Satellite Pairs to Provide Everyday
— Reference Ground Re-visit at the Equator

Image for
Autonomous Image
Registration/
Navigation and
Change Detection

— On-the-Fly
Information

Processing
Adaptation




ReconfigUirahl
Autonomousl

. Sensors
'Serwve Many Users

Up to MEO and GEO

Via Internet

- Customer Imaging Products
Specifications (CIPS)

- Image Location by World

Reference System (WRS)
- Algorithm Upload

- Necessary Data from @ther
Sources

Satellite TV
Broadcast

EDC Landsat Image

- 30 meter

- 6+ pan bands

- Full Earth Coverage

- Additional ‘Archives TBD

far’m Crop Information Set
“- Uplead Algorithm by Third Party VAP

- Downlodd Crop. Management. Plan Based on:

1+=5 meter. Spatlal (2 km x 2 k_’m Footprlnt)

" Bands_ Tailored\to Crop - -
il L
.é’,-_ 2-day’ Re-visit g P
; ! ~3

-

- Commercial Comm and Satellite TV

NN

e

Commodities/Agribusiness

- Regional Crop Characterization
and Health

Science Customer

- Spatial/Spectral Range
Resolution Algorithm

Tailored by Location Time
- Calibration Data via

Space/Moon Viewing

FEMA/Power Company

®Tornado Response

s.Playback of database-and/or
¢ Slew to Acquire High" Res

Images for Damage

= Assessment




<A New Parad@h g l\@sa
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Holistic, integrated
Insight, foresight
and discovery

Point monitoring
and exploration

= Many, independent systems - Single integrated system

— Optimized for a single task _ Adaptable to many ‘new’

— Design based on tasks
Fnrf;fergft'on oY 9ata ol Flexible response
Replenishable and

— EX post facto combination
scalable

of data
Evolving infrastructure

Science ” Technology “ Adaptive Investigations/
Infrastructure ' 'Applications




~In-depth DBiscuBsiony TOPICS

Architectural features and detailed
descriptions

Critical technologies and roadmaps




.+ Information T"*&hnology Thrusts

Information Access
Environment

Digital Earth

Design/ Intelligent
Development Synthesis ,
Environment \Environmen . Complting

~  and Modgling
= Immersjves

intelligent | Operations
Sensorweb | Environment

Environment

Earth Science
Information System

Science/Applications
Environment




Archltecture ékd F'ace]ts NAsA

™ On-Demand “Virtual Instruments”

™ Real-Time Adaptive Remote and In-Situ Sensor Swarms
P Interoperating Sensor Web

™ Distributed Information-System-in-the-Sky

™ Earth Science Information Web
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On-Demand \71-; ualalngtruments” “

= Any user can dynamically reconfigure the
sensorweb or its components and mine the
digital libraries/metadata warehouses to
provide products which are uniquely tailored
for the desired measurement. Provides the
ability to rapidly carry out scientific
“experiments” without waiting for the selection,
development and launch of a new mission.
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Rémote and Raa

. In-Situ Sensor Swarms*

i ‘.] i
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= Allows real-time self-direction, interaction, and adaptation of humans,
modeling/forecasting systems, and observational systems to optimize data
response and forecasting. Dynamically cues and focuses sensorweb on
rapidly developing events (e.g. severe storms, volcanic eruptions, etc.)




- Interoperatiniggsensor, Web ASA
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O/B Information System

Bmmy
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l! O/B Information System O/B Information System ;h
5 Temp Level 1 Temp Level 1 s
Library | Processing Library | Processing
“; y Planning & Planning &
| DBMS_| scheduing PBMS | scheduling

0 J€

|__Monitoring Agert—_| Monitoring Agent

3
Y{ Level 1
Library | Processing
- Temp Level 1
Planning & . -
RIS Scheduling Library | Processing
DEMS | Planning &

Scheduling

Monitoring Agent
Remote Agent




- Distribut®d Tifformatich-
5Kyl

Commercial Optical Crosslink

Communication
Network _ . :
Optical = Interoperating

Crosslink Measurement
Systems (Air /
Spacecraft / In-situ)

e Flexible Measurement
Network Architecture

e Direct Distribution of

Optical Derived Products

= Network Computing-
in-the-Sky

Passive
Optical

In-situ ‘User

Comm ECFBased GS_ 2 Digital

Gateway, e Library Metadata -~
-y Warehouse oy
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Commercial | Optical Crosslink
Communication
Network _ .
% Ka Crosslink Optical
' s Crosslink

Earth Science Research Asst. =

Personal | Processing [ = & e,
Library Environnment| || = N -

Value Add&b gelilols! Analysis |Sensor Web| | |i- rogent ouS B—Igltal L“l‘br’e;ry

Product [Sensor Web Comm Digital Low Level
Generation Comm Advertising Library | Processing

etz = fige
Usgr Advertising Data' Sensor Web el Se-nsor eb
Services Agent Subsetting Comm Metadata Comm

. Advertising i
T DBMS Advertising
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and adapts to owner
traits

e Carries owners
credentials

= Capable of tasking
sensor web




~Critical T!chn%ogy A’i“eas
.and Roadmap |

I Reconfigurable Sensing

I Large Ultra-lightweight Deployable Structures
I Large Aperture Systems

I Large Deployable Systems: Ultra-high Resolution Imaging
I Rapid and Low-Cost Sensor Production

P New Vantage Points

™ Miniaturized Observatories and Intelligent Web
I Onboard Processing

I Intelligent Agents

™ Neural Processing

I Distributed Information-System-in-the-Sky

I Integrated Life Cycle Simulation

I Advanced Engineering Environment Enables the Rapid
Production of New Capabilities
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Reconflgurabf | Sensm
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50 m vert
10 km horz

100 m vert
20 km horz

250 m vert
50 km horz

Partial Globe/ small
formations/ mixed
Sensors
LIDAR
Radio occultation
Hypersp|ectra|

Most of Globe/ large
constellations

= Microwave Synthetic
Aperture

Programmable filter, active
sensor

Active dynamic range lidar

Entire Globe

Fleets of low cost
miniature
instruments
Webs of synthetic
aperture

Full suite and
coverage sensor
network

)

15 20
Years




Large Ultradight:
Deployable S '-uctuTest

Solar Sails

4.5 LY ind0 yrs
Interstellar Elyly Mission
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o
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Comet sample return
Europa lamnders
Mars sample return

Mercury Orbiter

Solar Polar Imager f , 1 i T
Non-Keplerian Earth i ] 1glelan] JIC Y AT
Orbits Hfacum
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. LEO Synthetic Aperture
Geostorm Warning Soil moisture and s

Demonstration winds

Missions Extrasol
Planet Imager
Spectrometer

10 15 20
Years

Radical advances in ultra-large, ultra-lightweight
deployable structures causes paradigm shifts to
enable frontier science
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.+Large ApertuTE‘Syste Mms

Deployable Segmented
Primary

Deployable Segmented
Primary
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Monolith Primary

| | l l
5 10 15 20
Years

Increased collecting area by two orders of
magnitude




1 meter near IR from
GEO orbits requires
>50 meter aperture

1/2 km near IR from

libration point requires
>5 km aperture Ste”ar System

(interferometer) image

Stellar field (TBD)

Astronomical Observing

Imaging an Earthlike =
planet (10 light years, —
12,000 km diameter)

. e

.

g

Requires 0.1 to 1m arc sec
resolution; => 1m
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' Rapid an@liL6\ECost SEnsor
~Production ¥ ..°

e -

e An Advanced Engineering
Environment enables
iIntegrated imagination,

simulation, design,
development, and testing
allowing the creation and

deployment of new
sensors in days or weeks.
MEMS techniques and
economies of scale enable
the inexpensive
production of a vast
number of in-situ and
remote sensors.
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New Vantage®
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Hundreds of satellites in constellations and formations view the Earth-Sun system
from LEO to the L1 Triana perspective. Millions of in-situ sensors reside on the
Earth’s surface, in its interior, the oceans, the cryosphere, the atmosphere, and in the
magnetosphere.

Principal

Investors:

= NASA

= DoD

= Commercial
Aerospace

= Universities

= Foreign
Agencies

Beneficiaries:

e | ocal and
National
Governmental
Agencies

« Commerce

* |nternational
Organizations

= Universities

Advanced Capabilities

5 Years

10 Years

25 Years

e Miniaturized Observatories

= Robust, Compact Instrument
Architectures

< Miniaturized/Programmable
Components

e Aperture Synthesis
= Deployable Apertures
e Low Cost Production

Small Observatory
= Separate S/C and

Instrument
~100Kg
<M$ each
< Few S/C per
mission
« 3-5 year life

Nano-Observatory

< Multifunction
subsystems

~10Kg

<500K$ each

< 10'sto 100’s

< 5-8 year life

= Advanced
maneuverability

Pico-Observatory

< |ntegrated
sensorcraft

~1Kg

<100K$ each

< Many 100’s

>10 year life

< Unlimited
maneuverability

< Advanced Mobility and Placement of
Sensors

= Airborne Mobility (UAVs, balloons,
nano-rovers)

e Land/Cryosphere Mobility (nano-
rovers, burrowers/penetrators,
“seeded” sensors)

< Ocean Mobility (moored/drifting/
disposable buoys, surface/sub-
surface nano-rovers)

= Space Mobility (deployerships, space
warehouses, formation flying,
constellation maintenance)

Nano-Rovers

...Kg

< Walking,
wheeled

Nano-Rovers

<100’s g

< Walking, hopping,
flying, burrowing,
swimming

Nano-Rovers

<10's g

< Walking, hopping,
flying, burrowing,
swimming




Pico Observatory

= Many 100s per
constellation

Femto Observatory

MiniaturiZed: @@Servaﬁf(arles and

= 1000s per constellation
= Advanced autonomy and

interoperability
e <$50K each

Intelligent
Sensor Web
= Event

= Autonomous

= Advanced
maneuverability

e <$100K each

anticipation
= Distributed
Autonomous tasking of sensor
Constellation web
Control

= Intelligent
“discovery”

Autonomy

Nano Observatory
= 10s to 100s per constellation

= Limited autonomy and e Autonomous
maneuverability retasking of

e <$500K each assets

Autonomous Formation Flying
= Coordination of multiple constellations
= Replenishment capability

I | I | |
) 10 15 20 25
Years

Revolutionize the scientific investigations of Space Science and Earth
Science enterprises by creating new generations of high performance
integrated spacecraft/instrument which are dramatically lighter,
compact, and less cost
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-Onboard Prot8ssing; NAsA
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Storage Capacity Recgonnfwlgﬁ’{%bgle

1Pb _ : 73 il (2 = Holographic; —1T

photorefractive

= Improved = Distributed RAM-

manufacturing/ FPGA
packaging process = Interoperable
* $5K/Tb processing among
spacecraft and DBs
= Direct delivery to
user

e Miniaturized, 3D e RAM-FPGA farm

— packaging = Advanced onboard processing;
= 2 Gb stacks algorithm uploads

= Low power, mass, = User selectable formats
volume = Direct delivery to user
= $1K/Gb - RAM-FPGA farm
= Basic onboard processing and data compression
= Pre-defined formats/protocols
= COTS/DMBS
2 Direct deliverly to user | |

5 10 15 20
Years

Number of Gates

Order of magnitude increase Iin storage capacity and number
of field programmable gates, while reducing cost to provide
onboard information processing and product delivery to user
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Onboard Agents

< Event anticipation

e Distributed tasking of
sensor webs

Onboard Monitoring Agents Research Agents _
e Autonomous information

= ivint recogmtl(;nd li mining and prospecting
LPOnomons scAeciing = Intelligent tasking of

e Research Agents sensors and information
Onboard Monitoring Agents Active & passive data mining web

e Automated cloud cover assessment

= Limited schedaling Active & _passlve data
prospecting

Research Agents = Self adapting/learning

= Active data mining Carries users credentials

= Active data prospecting

- Multilingual

5 10 15 20 25
Years

Increasing intelligence and autonomy of agents to
carry out operational activities




- Neural Proce§

Optical Neural Web

= Intercommunicating
< Neural processors
Opto-Neural Nets = 10°Gops Synapse
= 16 Gb Synapse
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3-D, L.C,, 4|K Synapse

)

Synapse = Connection between 2 or more neural cells




Distribut®d i
. System-in-the-

L X

Ormation:-
Kyrea

= Advanced on-board information system directly accessible by users for data
acquisition, processing, and product retrieval

Principle

Investors:

= NASA

< DOD

= Commercial
Aerospace

= Universities

= Foreign
Agencies

Beneficiaries:

e | ocal and
National
Governmental
Agencies

= Commerce

= |nternational
Organizations

« Educational

Advanced Capabilities

5 Years

10 Years

25 Years

e Advanced Communications

= Autonomy

= On-board Information System

High rate Ka/X 4
PC-based ground
Laser/

IEO commg

Autonomous GN
Fault deteg

Beacon|
Transparent S/C

High volume SSK
SAFE, Protocol X,
Reconf]

Direct prq

and

| station

Optical (active)

ercial (low rate) (h

GEO commer
Lil

&C
tion, isolation ,and re
Multi-sensor synchr
Closed loop, 9
observa
operations

bperations  Autononi

Space-based IP and ATl
gurable processing (H
pduct delivery to usery

@)

(passive)
igh)
cial (high)
pration Point

covery
pnization
elf-adjusting S/C,
[ions optimization
Smart instruments
ous Formation Flying

M based protocols
W and GW)

h-board processing

Network Computing
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e Program formulation (1-12
months)

= Design verification via ETE
simulation

= Intelligent access to tools
and resources

= Modeling and analysis tool
suite

= Operations simulation

Cy Ie

i T

1

= Program formulation (1
month)

= Mission cost reduction by
10x and frequency increase
by 5x

= Virtual/physical hybrid ETE
simulation

= Program cost reserve
reduction by 2x

= Access to highly
dynamic/interactive expert
systems

= Full verification by
simulation

= Auto-code generation from
simulation

I

Slmulatlon Nﬁ%_

= New capability
development less than 1
year

= Fully immersive
development and
simulation environment

= Real-time simulation and
science data generation

= Acquisition in days

e Fully immersive
operations and science
data

)

10

15
Years

20 25

Advanced engineering environment provides
increases in productivity and product quality while
reducing the concept-to-launch time
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Tens of Connections Hundreds of Connections Millions of Connections

= ,,v,_l-‘,

el

WWW

= Digital Earth

: = Solar System Wide
- Large Aperture g Sentinels = Adaptive Sensors = Intelligent Agents Web

Systems . eI -ley - On-Board Processing «Immersive Environments ooy Py S B IgTear Y2y,
= Formation Flying e Intelligent Systems e Information System-in-

e Data Fusion e Virtual Inst. = Neural Processing the-Sky MaCh_'ne Interaction
= Intelligent Sensor




